Objective. To estimate the prevalence of, and identify factors associated with, hand and wrist US alterations in a large cohort of SLE patients.
Introduction
Inflammatory musculoskeletal involvement is one of the most common manifestations of SLE. Incidence ranges from 69% to 95% of patients and represents the heralding symptom in 70% of SLE cases [1, 2] . Joint complaints such as arthralgia or arthritis are usually transient, but in some patients they mimic RA, with persistent pain, swelling, stiffness and disability. The most frequently affected joints are the metacarpalphalangeal, inter-phalangeal, wrist and knee [3] . Among the musculoskeletal manifestations, tendon involvement must also be considered in terms of tenosynovitis, tendon derangement and tearing, which may be the only cause of pain and disability.
The majority of SLE patients develop non-deforming arthritis [4] . However, in 515% of cases, joint involvement progresses to deforming arthropathy, which might show as erosive on X-ray, as in the so-called rhupus syndrome, or non-erosive as in Jaccoud's arthropathy [36] . In Jaccoud's arthropathy, deformities seem to be the consequence of ligament and tendon involvement, whereas in RA, where the loss of bone and joint ankylosis are secondary to erosive arthritis, the inflammatory synovial pannus plays a pivotal role in cartilage and bone destruction [7, 8] . Nowadays, although still debated, rhupus syndrome is considered a true overlap between SLE and RA rather than part of the clinical spectrum of the articular involvement seen in SLE [9, 10] . There is much evidence that supports this hypothesis, especially a significantly higher prevalence of RA biomarkers in patients with rhupus syndrome, such as the shared epitopes RF and anti-cyclic citrullinated peptide antibodies (anti-CCP), compared with other SLE patients [1113] .
Over the past decade, high-resolution ultrasonography has become a useful tool for rheumatologists in the assessment of patients with articular involvement [14, 15] . Musculoskeletal US enables real-time evaluation of joints and tendons, especially in assessing the features of synovial or tendon inflammation and bone structural damage [1618] . The power Doppler (PD) technique enhances the potential of US examination with the evaluation of perfusion changes in the synovial tissue, an indirect sign of active local inflammation [19] .
Musculoskeletal US has already been reported as a useful tool for assessment [2024] , monitoring treatment [25] and defining complications [26] in SLE patients with articular involvement. However, incidence and the nature of hand and wrist US abnormalities differ depending on the study, and the overall prevalence reported ranges between 58% and 100% [20, 21] . The aim of this study was to estimate prevalence and to identify factors associated with hand and wrist US alterations in SLE.
Patients and methods

Patients
One hundred and eight consecutive Caucasian in-and out-patients, with past or present musculoskeletal involvement, fulfilling at least four of the ACR criteria for SLE [27] , were recruited. Inclusion criteria were having been on stable medication over the previous 4 weeks. Previous history, demographic and clinical data were collected, and bilateral hand and wrist X-rays were performed. All patients were assessed for possible overlap of SLE with RA according to the 1987 ACR classification criteria [28] . Both symptomatic and asymptomatic patients underwent detailed standardized physical examination, focusing on hands and wrists, according to the European League Against Rheumatism (EULAR) recommendations [29] . The following items were evaluated-presence of tender and swollen joints, presence of fixed or reducible deformities. MCP subluxation, ulnar deviation, swan neck or boutonniere deformities of the fingers and Z deformity of the thumb-and were classified according to Alarcon Segovia et al. [5] .
All patients were tested for ESR [normal and anti-dsDNA (Farr assay; N.V. <7 IU/dl). RF (ELISA; N.V. <14 IU/dl) and anti-CCP (ELISA; N.V. <25 IU/dl) were tested in 91 and 75 patients, respectively.
The overlap between SLE and RA, the rhupus syndrome, was defined by the fulfilment of criteria for both diseases [9, 10, 13 ]. Jaccoud's arthropathy was defined by a modified Jaccoud's articular index >1 in the absence of X-ray erosions and included patients with mild deforming arthropathy [4, 5] . The remaining patients had non-deforming arthropathy.
Cumulative organ damage was calculated using the ACR/Systemic Lupus International Collaborating Clinics Damage Index (SDI), and the SLEDAI was used to assess global damage activity. The Musculoskeletal item of the British Isles Lupus Assessment Group 2004 (MS-BILAG) index score [30] was measured to better assess musculoskeletal activity. The BILAG is the only activity index based on the evaluation of disease activity in individual organ systems and is the only transitional index; each item that is present is recorded as new, the same, worse or improving rather than just present or absent. According to BILAG-2004, patients were classified as having score A (very active disease), B (intermediate active disease), C (mild active or subclinical disease) or D (previous history of articular involvement but clinically inactive) at the time of evaluation. Both clinical examinations and indices score calculation were performed by a trained rheumatologist blinded to biochemical, radiological and US data. The study was approved by the local ethics committee (Ethics Committee of the Azienda Ospedaliero Universitaria di Cagliari) and performed according to the principles of good clinical practice and the Declaration of Helsinki.
US examination
Musculoskeletal US examinations were performed by an experienced rheumatologist, blinded to clinical, laboratory and radiographic findings, using a Logiq 9 (GE, Medical Systems, Wisconsin, USA) with an 815-MHz linear array probe. Sixty age-and gender-matched volunteers were recruited from healthy hospital staff as controls for comparison of US data. Hand and wrist flexor tendons, wrist extensor tendons, second and third MCP joints and wrist joints were bilaterally evaluated using a multi-planar scanning technique according to the EULAR guidelines for musculoskeletal US in rheumatology [31, 32] . All the tendons were scanned in transverse view from the most proximal to the most distal portion at the tracts surrounded by synovial sheath. All findings were also documented in the corresponding perpendicular longitudinal view.
The presence of tenosynovitis, bone erosion, joint effusion and/or synovial proliferation was investigated using OMERACT preliminary definitions [33] . Patients were seated with their hands positioned on an examining table in supination for the volar scans and pronation for the dorsal scans, with the wrist in a neutral position [31, 32] . An adequate amount of gel was used to avoid compression of the soft tissue under examination. Values www.rheumatology.oxfordjournals.org of the greyscale setting parameters were fixed before the study to obtain maximal contrast of the different soft tissues examined. PD settings were adjusted according to Torp-Pedersen's recommendations [34] .
The inter-observer agreement with another sonographer was evaluated in one-third of subjects using k statistics according to Landis 
Results
SLE cohort
All 108 patients included in our study had experienced musculoskeletal involvement in their disease course; 69 (63.9%) were asymptomatic and scored D on MS-BILAG, while the remaining 39 (36.1%) reported active manifestations at enrolment. None had aseptic necrosis or myositis. Demographic, clinical and serologic data are reported in Table 1 . Only four patients had X-ray erosions, and all of them fulfilled the criteria for rhupus syndrome. Eight (7.4%) patients were classified as having rhupus syndrome, six (5.5%) had Jaccoud's arthropathy and the remaining 94 (87.1%) had non-deforming X-ray non-erosive (NDNE) arthropathy.
US findings
US abnormalities were detected in 64 patients (59.2%). Forty-two of 108 patients (38.8%) showed joint involvement on US examination, 44/108 (40.7%) had tendon involvement and 22/108 had (20.3%) both (Fig. 1) . Synovitis (joint effusion and/or synovial proliferation with or without PD signal) was found in 27 patients (25%), and bone erosions were revealed in 28 (25.9%). Wrist synovitis was found in 14 patients (12.9%), and hand synovitis was found in 17 patients (15.7%). Twenty-eight patients (25.9%) showed erosions; of these, 26 (24.1%) had erosions in the hands and 5 (4.6%) had erosions in the wrists. The presence of PD signal was found in the tendons of 13 patients (12%) and in the joints of 19 (17%). Flexor tenosynovitis was found in 32/108 patients (29.6%), extensor tenosynovitis in 37/108 (34.2%) and both were found in 22/108 (20.3%).
Joint and tendon US abnormalities were detected in 18% and 11% of healthy controls, respectively. The prevalence of joint and tendon ultrasonographic changes appeared significantly increased in SLE patients compared with healthy subjects (P = 0.007; OR 2.8; 95% CI 1.3, 6.0 and P = 0.0002; OR 5.2; 95% CI 2.1, 12.5, respectively).
Factors associated with US abnormalities
Older-aged patients at evaluation (P = 0.08) and at diagnosis (P = 0.02), with lower levels of serum C3 (P = 0.04) and C4 (P = 0.01) fractions had a higher probability of musculoskeletal US alterations being found. However, only older age at diagnosis (P = 0.008; OR 1.06; 95% CI 1.01, 1.1) was independently associated with the presence of US changes. Overall tendon involvement was related to older age at evaluation (P = 0.03) and at disease onset (P = 0.006), but in the multiple stepwise logistic regression model only the latter resulted independently associated to the presence of US tendon abnormalities (P = 0.002; OR 1.06; 95% CI 1.02, 1.10). None of the investigated clinical and immunological factors independently correlated with the presence of overall US joint alterations, but joint synovitis was independently associated with higher SLEDAI score (P = 0.04; OR 1.10; 95% CI 1.01, 1.21). None of the investigated features were associated with US detection of bone erosion, even after stratification for RF and anti-CCP title. Differences in the distribution of US findings according to MS-BILAG score were assessed comparing the observed frequency of ultrasonographic changes in three groups (Table 2) . Supplementary file 2, available at Rheumatology Online, shows the incidence of US abnormalities over the number of explored anatomical districts according to the MS-BILAG score. Finally, US features in different SLE arthropathy subtypes were compared (Table 3 and Table 4 ).
Discussion
The present study provides data on US evaluation of musculoskeletal involvement in a large population of SLE patients and compares US findings with the different subsets of arthropathy, physical examination and indexing results. The most significant and innovative finding to emerge is that the picture of US abnormalities depends on the type of SLE arthropathy and differs according to the categorical MS-BILAG score.
Patients with active musculoskeletal disease had a statistically significant higher proportion of PD signal positivity and US inflammatory joint abnormalities than patients with subclinical or inactive musculoskeletal involvement who reported a preponderance of US tendon changes. The presence of PD signals should be considered as a marker for active musculoskeletal disease in SLE patients, whereas it might be assumed that a percentage of patients with subclinical or clinically inactive disease carry a mild inflammation, which is expressed more at tendon than at joint level.
Analysis of our results on the US patterns of different SLE arthropathy subtypes reveals that a major limitation is represented by the small number of patients in the rhupus and Jaccoud's group. Therefore, caution is advised in interpreting results, as the study findings may be related to the size of the population under study. A higher proportion of US changes were observed in patients classified with rhupus syndrome when compared with patients affected by Jaccoud's arthropathy and NDNE SLE arthropathy, especially regarding the burden of erosive structural damage. Moreover, US tendon abnormalities were more frequently detected than US joint changes in both Jaccoud's and NDNE SLE arthropathy. Notably, statistically significant differences in clinical, serological and US findings were not seen in patients with Jaccoud's arthropathy in comparison with patients with NDNE SLE arthropathy, except for older age (P = 0.021) and longer disease www.rheumatology.oxfordjournals.org duration (P = 0.006), further supporting the hypothesis that Jaccoud's arthropathy might be a late manifestation of a percentage of patients with long-standing NDNE SLE arthropathy [3638] . Conversely, the higher incidence of synovial proliferation, bone erosions, RF and anti-CCP positivity in patients with rhupus syndrome as compared with those affected by Jaccoud's and NDNE SLE arthropathy further supports the fact that rhupus is a true overlap between RA and SLE, rather than part of the clinical spectrum of the articular involvement seen in SLE.
Besides rhupus syndrome, the musculoskeletal involvement in SLE has usually been considered non-erosive on the basis of traditional X-ray studies, showing only mild signs of bone involvement without evidence of erosion even in severe cases of Jaccoud's arthropathy, where luxation and deformity are dominant characteristics and mimic RA [36] . The bone erosions observed in Jaccoud's and NDNE SLE arthropathy are thought to be quite unlike the erosions seen in RA and are attributable to friction rub caused by overlying inflamed tendons or capsule [4] . However, the availability of studies in which more sensitive imaging tools than X-ray in detecting bone erosions are used, such as US and MRI, might reverse these concepts [3841] . Whether erosions detected by US or MRI imply a different course in SLE is yet unknown and warrants further prospective studies combining multiple investigational tools, including CT, on a high number of patients to investigate the evolution and clinical implication of such bone structural damage. Supplementary file 3, available at Rheumatology Online, compares studies reporting on prevalence of US abnormalities. Finally, US is more sensitive than clinical examination in the detection of joint and tendon inflammation in patients with SLE. From a clinical point of view, performing musculoskeletal US is particularly useful in those SLE patients scoring C on MS-BILAG. In the case of PD signal on joint and tendon US examination, patients who scored C on MS-BILAG should be considered as having intermediate active disease, scored as B on MS-BILAG and treated with low-dose prednisone and/or antimalarial medication.
MTX might be added to background therapy in refractory cases or as a steroid-sparing agent. Short courses of NSAID should be reserved to patients complaining of arthralgia without PD signal on US examination. Patients with rhupus syndrome are characterized by proliferative synovitis, tenosynovitis and a high tendency towards bone erosions resulting in disability, and for these reasons, they should receive DMARD therapy. To confirm whether Jaccoud's arthropathy can be considered a late manifestation of NDNE SLE arthropathy, prospective studies are needed to identify high-risk patients for development of deformities and disability and to design effective treatment protocols.
Rheumatology key messages
. US is more sensitive than clinical examination in detecting musculoskeletal inflammation in SLE patients. . The picture of US abnormalities in SLE patients appears to be dependent on arthropathy subtype. . Jaccoud's arthropathy may be a late manifestation of long-standing X-ray non-erosive SLE arthropathy. 
